48	THE  LINEAR EQUATION	[37.
37.	The relation between the operators Dn and xD is given by
the formula
x)nDn = xD (xD - 1) (xD - 2) . . . (.rl> - /*, + 1).
The theorem can be established directly; for if u the subject of
operation be expanded in a series of terms of the form Amxm, the
result of operating on this with D* and multiplying by xn is zero
if m < n, and is
m (m - 1) (m - 2) . . . (m - n 4- 1) Amtfn,
if m > n ; but this is also the result of operating with the right-
hand side. Hence the operators are equivalent for each term of u
and so for the sum of all the terms of u, i.e. for u itself.
The theorem can also be established by induction ; for suppose
xnDnu = xD (xD - 1) (xl) - 2) . . . (tr,D -n + 1) u,
and write	u == (xD — n} v ;
then	Dnu = a;D*+1v,
and so     x™ D™ v = xD (xD - 1) (xD - 2) ... (xD - n) v.
Now u is any general function ; hence v is also a general
function. The theorem, if true for n, is thus true for n + 1 ; it is
obviously true for the values 1 and 2 and so is true generally.
Some Properties of the General Linear Differ entud Equation.
38.	The general type of linear differential equation of the nth
order is
in which X19 X^ ... , Xn, V are functions of x (or constants) but
do not contain y ; for the sake of shortness let it be written
If this equation be integrated step by step so that each
integration reduces the order of the equation by unity, every
time such a reduction is effected an arbitrary constant enters,
and therefore, when ultimately the integral equation is ob-
tained, n arbitrary constants in all will have entered; or we
shall expect the primitive of a given linear differential equation

